Identification of rapid, inexpensive, and reliable prognostic factors can improve survival estimation and guide healthcare in patients with acute heart failure (AHF). In this study, we aimed to determine the prognostic value of the platelet-to-lymphocyte ratio (PLR) in patients with AHF. A total of 443 patients from two hospitals met the inclusion criteria from January 2010 to December 2017. Univariate and multivariate Cox analyses were performed to determine the association of PLR with survival. All-cause mortality was analysed using the Kaplan-Meier method. The 6-month survival rate for patients according to pLR quartiles (<110.63, 110.63-139.23, 139.23-177.17, and >177.17) were 90.09%, 76.79%, 50.07%, and 37.27%, respectively (p < 0.001). Univariate analysis identified high PLR (>110.63), old age (≥73 years), smoking habit, low estimated glomerular filtration rate (<57), and high platelet count (≥198 × 10 9 /l) as poor prognostic factors for survival. In the multivariate analysis, after adjusting for confounding factors, the third (hazard ratio [HR] = 3.118, 95% confidence interval [CI] = 1.668-5.386, p < 0.001) and fourth (HR = 2.437, 95% CI = 1.302-3.653, p < 0.001) quartiles of PLR were identified as independent prognostic factors in patients with AHF. A higher PLR was associated with poor clinical outcomes in patients with AHF and might be a novel marker in AHF management.
Methods
In this retrospective cohort study, patients with AHF were consecutively recruited in a Shandong Provincial Taishan Hospital and Taian Central Hospital from January 2010 to December 2017. This study was carried out according to the tenets of the Declaration of Helsinki and approved by the committee of the Shandong Provincial Taishan Hospital and Taian Central Hospital. Written consent was obtained from the patients. The diagnosis of AHF was confirmed by two cardiologists using echocardiography and electrocardiogram according to the current Chinese Society of Cardiology Heart Failure guideline 7 . Overall, 780 patients with AHF were initially enrolled, among whom 347 were later excluded. Figure 1 shows the study cohort flow diagram.
All patients underwent a standardized clinical and blood examination that consisted of physical examination, electrocardiogram, echocardiography, chest radiography, left ventricular ejection fraction (LVEF) evaluation, and testing for infection disease, liver function, and renal function. Atrial fibrillation was identified by electrocardiogram. LVEF values were obtained by performing transthoracic echocardiography performed during the admission and calculated using the modified Simpson's rule.
The endpoint of the study included in-hospital all-cause mortality and out-of-hospital all-cause mortality. Information regarding death was obtained from medical records. All the discharge patients with AHF regularly visited the clinic (typically every month) if the physical condition of the patient permitted. If not, patients with AHF were followed up over the telephone, and outpatient records were obtained every month to remain up-to-date on patient survival status, disease progress, and time of death. All patients with AHF were followed up for 6 months after admission; the last follow-up was June 30, 2018. Clinical and demographic information was obtained from the medical data platform by two independent investigators. This included the following demographic information: age, sex, red blood cell (RBC) count, white blood cell (WBC) count, neutrophil count, lymphocyte count, systolic blood pressure (SBP), diastolic blood pressure (DBP), body mass index (BMI), creatinine, platelet count, urea nitrogen, total protein, hypertension, diabetes, smoking, drinking, estimated glomerular filtration rate (eGFR), NT-proBNP, heart rate, diuretic use, LVEF, use of aldosterone antagonists, angiotensin converting enzyme inhibitors/angiotensin receptor blocker (ACEI/ ARB), or beta-blockers, atrial fibrillation, valvular heart disease, cardiomyopathy, and coronary heart disease.
Venous blood samples were drawn immediately after hospital admission. Blood samples were collected from each patient using ethylenediaminetetraacetic acid tubes to prevent blood coagulation. Two ml of blood was used to perform a complete blood count -including the RBC, WBC, neutrophil, platelet, and lymphocyte counts -for each patient using the Sysmex automatic blood counting system (Tokyo, Japan). Laboratory analysis was performed using a commercially available kit (Roche Diagnostics GmbH, Mannheim, Germany).
All statistical analyses were performed using SPSS 13.0 software (IBM-SPSS, Chicago, IL, USA). Continuous variables are presented as mean ± standard deviation. The Chi-square test and independent Student's t-test were used for comparisons of categorical clinical characteristics between survivors and non-survivors. The one-way analysis of variance and Chi-square test were used for comparing the participants' characteristics among the four groups divided according to PLR quartile. The variables were dichotomized based on the mean value of each variable. Pearson analysis was performed to assess the relationship of platelet and lymphocyte counts with PLR. To identify independent predictors of mortality for the cohort, univariable and multivariable Cox proportional hazards models were used. The patient clinical end points were calculated using the Kaplan-Meier method and compared using the log-rank test. A two-sided p value < 0.05 was considered statistically significant. 
Results
Baseline characteristics of the survivor and non-survivor groups are presented in Table 1 . Overall, 149 male and 294 female patients with AHF were included in the study cohort. During a mean longitudinal follow-up time of 143.68 days (range, 20-180 days), there were 160 deaths (36.12%). In this study, a total of 160 events were recorded during the 6-month follow-up period, with 58 deaths during in-hospital care, 92 deaths post discharge, 66 due to HF, 29 due to sudden cardiac death, 27 due to other cardiovascular causes, 33 due to non-cardiovascular causes (including renal failure, cancer, respiratory failure, cerebrovascular disease), and 5 classified as unknown. Among the survivors, the mean age was 72.34 ± 6.80 years; for non-survivors, the mean age was 71.61 ± 6.84 years (t = 1.083, p = 0.280). There was no significant difference in the age, sex, WBC count, RBC count, neutrophil count, DBP, BMI, creatinine, urea nitrogen, total protein, history of hypertension, diabetes, smoking, or drinking, eGFR, heart rate, use of diuretics, aldosterone antagonists, ACEI/ARB, or beta-blockers, atrial fibrillation, valvular heart disease, cardiomyopathy, or coronary heart disease between the survivor group and non-survivor groups (p > 0.05). The platelet level was significantly higher (p < 0.001) in the non-survivor group (233.54 ± 52.01) than in the survivor group (189.86 ± 49.23). The PLR was significantly higher (p < 0.001) in the non-survivor group (173.81 ± 54.51) than in the survivor group (136.02 ± 45.89).
In an attempt to determine whether PLR levels influence the clinical outcome of patients with AHF, we first subdivided the study patients into four groups based on PLR quartiles (<110. www.nature.com/scientificreports www.nature.com/scientificreports/ 211.46 ± 42.11, 240.20 ± 61.71), and low lymphocyte count (1.83 ± 0.48, 1.58 ± 0.33, 1.34 ± 0.27, 1.12 ± 0.32) (p for both <0.001). Furthermore, high PLR levels significantly correlated with smoking, age, and eGFR (p for both, <0.05). There was no correlation between PLR and the remaining factors (p for all, >0.05). Pearson analysis showed that there was a significant positive correction between PLR and platelet count (r = 0.455, p < 0.001), and a negative correction between PLR and lymphocyte count (r = −0.611, p < 0.001) (Fig. 2 ).
To investigate whether PLR level and other clinicopathological factors were associated with clinical outcome of patients with AHF, univariate Cox proportional models for survival of patients with AHF were calculated ( Table 3) . Univariate analysis identified high PLR, old age, smoking habit, low eGFR, and high platelet count as poor prognostic factors for survival in this study cohort.
After univariate Cox analysis, to investigate whether PLR level and platelet level were associated with clinical outcome of patients with AHF, a multivariate analysis using a Cox proportional hazard model was performed (Table 3 ). In the multivariate analysis that included age, sex, WBC count, RBC count, neutrophil count, SBP, DBP, BMI, creatinine, PLR, platelet count, urea nitrogen, total protein, history of hypertension, diabetes, smoking, Table 2 . The relation between clinico-pathological parameters and PLR levels of patients with acute heart failure. BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, ACEI: angiotensin converting enzyme inhibitors, ARB: angiotensin receptor blocker, PLR: platelet-to-lymphocyte ratio, eGFR: estimated glomerular filtration rate.
Figure 2.
The association between platelet, and lymphocyte counts with platelet-to-lymphocyte ratio (PLR) levels of patients with acute heart failure. Continued www.nature.com/scientificreports www.nature.com/scientificreports/ or drinking, eGFR, heart rate, diuretic use, LVEF, use of aldosterone antagonists, ACEI/ARB, or beta-blockers, atrial fibrillation, valvular heart disease, cardiomyopathy, coronary heart disease, and PLR level within the third (hazard ratio [HR] = 3.118, 95% confidence interval [CI] = 1.668-5.386, p < 0.001) and fourth (HR = 2.437, 95% CI = 1.302-3.653, p < 0.001) quartile as independent prognostic factors for clinical outcome of patients with AHF.
Kaplan-Meier curves for clinical outcome of patients with AHF grouped according to quartiles of PLR are shown in Fig. 3 . The pairwise log-rank test indicated significant differences between the highest quartile (PLR > 177.17) compared with the lowest (PLR < 110.63), second, (139.23 ≥ PLR ≥ 110.63), and third (177.17 ≥ PLR > 139.23) quartiles (p < 0.001). The 180 days survival rate for patients in the PLR quartiles were 90.09%, 76.79%, 50.07%, and 37.27% for the lowest, second, third, and highest quartiles, respectively (p < 0.001, Fig. 3) . Similar results were also identified in the subgroups separated according to sex (p < 0.001, Fig. 3 ). Table 3 . Univariate and Multivariate cox proportional analysis regarding survival in patients with acute heart failure. BMI: body mass index, SBP: systolic blood pressure, ACEI: angiotensin converting enzyme inhibitors, ARB: angiotensin receptor blocker, eGFR: estimated glomerular filtration rate. www.nature.com/scientificreports www.nature.com/scientificreports/
Discussion
In this study, we reviewed the prognostic significance of PLR compared with other clinical factors in patients with AHF. We demonstrated that patients in the highest and third PLR quartiles had a significantly higher rate of death compared with the lowest 2 quartiles Furthermore, univariate analysis identified high PLR as a poor prognostic factor for survival in this study cohort; similar results were also found in multivariate Cox analysis after adjustment for multiple potential confounders.
Previous studies have reported that higher PLR is associated with poor clinical outcomes in various cardiovascular diseases [16] [17] [18] . PLR, a simple, inexpensive, and rapid marker that is routinely reported using automated laboratory equipment, is used to perform complete blood counts, reflects inflammation, atherosclerosis, and platelet activation 9 . Kurtul et al. 19 reported that PLR at admission is significantly associated with the severity and complexity of coronary atherosclerosis in patients with acute coronary syndromes. Thomas et al. 20 evaluated 2121 patients with peripheral arterial occlusive disease from 2005 to 2010 and suggested that increased PLR is significantly associated with patients at high risk for cardiovascular endpoints. In addition, Akboga et al. 21 showed that PLR was found to be an independent predictor of the presence of severe coronary artery disease (odds ratio: 1.043, 95%CI = 1.036-1.049, p < 0.001). In our study, we showed that high PLR is a significant and independent predictor of long-term mortality in patients with AHF. To the best of our knowledge, limited data are available in the literature regarding the association of PLR with mortality in AHF in China.
Only five studies have examined the association of PLR with AHF, including one study of a Portuguese population and one study of a US population. For Portuguese patients, Durmus et al. 15 reported that the PLR of patients with heart failure was significantly higher compared to controls, but PLR was not an independent predictor of mortality. Pourafkari et al. 14 reported, in 354 patients, that higher PLR was associated with long-term mortality, but failed to independently predict the prognosis of AHF. The previously reported data are conflicting. In our study, we validated the prognostic impact of PLR level on all-cause mortality and clearly demonstrated that PLR level was independently associated with all-cause mortality in patients with AHF, based on a large cohort of 443 patients with AHF. However, as we have seen that the reported results are conflicting. Given the nature of a registry study, selection bias of different studies may be one reason leading to discordant results. Different studies also included different variables into the multivariable model, which may be another reason for the discordant results. However, although the present results are discordant, almost all the studies suggested that a higher PLR was associated with long-term mortality.
The mechanisms of the association between PLR and AHF are unclear. One possible mechanism may be an increased inflammatory response. The inflammatory response plays an important role in the pathogenesis of AHF 22, 23 . Elevated C-reactive protein level is associated with adverse outcomes in patients with heart failure 24 . In addition, inflammatory cytokines may contribute to the clinical outcome of patients with AHF 22 . Recent research suggested that platelets interact with leukocytes and endothelial cells and release inflammatory factors, leading to adhesion and transmigration of monocytes; thus, platelets represent an important link between inflammation, thrombosis, and atherogenesis 25, 26 . Moreover, a decreased lymphocyte count is also significantly associated with increased mortality 27 . The combination of these parameters -an elevated platelet count and decreased lymphocyte count, which lead to an elevated PLR -might therefore predict major adverse outcomes in AFH.
Physiologic stress leading to a lower lymphocyte count is another likely mechanism. Thomson et al. 28 reported that cortisol and catecholamine lead to redistribution of lymphocytes to lymphatic organs, and are released in response to physiologic stress during AHF. Therefore, a high level of physiologic stress in patients with AHF might indicate high levels of cortisol and catecholamine, which can translate into a lower lymphocyte count 19 . Another underlying mechanism may be that PLR is associated with slow coronary blood flow rate 29 . Patients with AHF have a slow coronary blood flow rate 30 . In addition, a high platelet count may represent a prothrombotic state, leading to worse outcomes. Elevated PLR may indicate high physiologic stress, which contributes to poor prognosis.
There are several limitations of our study. First, our study was retrospective in design with data from a single centre, which might limit the generalizability of the results. Additionally, PLR is a marker of systematic inflammation. Although acute infectious diseases and systemic diseases were excluded, chronic subclinical inflammation in patients with AHF is still difficult to detect through medical screenings.
Conclusion
In conclusion, high PLR level was a significant and independent prognostic factor associated with clinical outcome in patients with AHF. As a simple, inexpensive, and rapid parameter, PLR can be useful for predicting prognosis of patients with AHF. Further studies are needed to investigate the mechanism of this correlation and confirm its role in the disease process.
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